Introduction
Even though austenitic alloys are commonly used in a hydrogen environment, hydrogeninduced fracture of these alloys has been reported (1) (2) (3) . Most recently it has been shown that the failure of these alloys in hydrogen is initiated by void formation at slip band intersections (4) . It is the object of this work to investigate the atomistic mechanisms that occur at these slip band intersections in the presence of hydrogen. Specifically it has been suggested that dislocation-dislocation interactions may play a large role in the initiation of voids or cracks (5) . Hirth (6) has summarized the various forms of dislocation interactions, traditionally called Lomer-Cottrell Locks (LCLs), that can occur. Baskes et al. (7) have investigated the effects of stress on a LCL using an Embedded Atom Method (EAM) model for nickel developed previously by Angelo et al. (8, 9) . The EAM is a well-established semi-empirical method of atomistic calculation that has been successfully used for over a decade to calculate the energetics and structure of defects in transition metals (10) (11) (12) . The work by Angelo et al. (8) established that the trapping of hydrogen to single dislocations had a maximum energy of -0.1 eV while the trapping to a LCL was significantly greater, -0.33 eV, thus we expect that a LCL could be important in explaining the fracture behavior of a fcc material in a hydrogen environment.
Baskes et al. (7) found that under uniaxial stress a LCL in the absence of hydrogen underwent a number of transitions, but it did not dissociate or form a crack nucleus. In this work we extend the previous work to include the effects of hydrogen. Specifically we will simulate the experiments of Moody et al. (4) for the case of room temperature exposure of Inconel to 190 atm of hydrogen.
Computational Procedure
As mentioned in the introduction, the energetics arise from EAM potentials (8, 9) . These potentials describe the properties of Ni and the H/Ni interactions quite well. A schematic of the geometry, which is identical to that used in Baskes et al. (7) , is shown in Figure 1 which depicts a cylindrical region periodic (5 %, period) along the cylinder axis. The initial atom positions are generated using anisotropic elasticity theory for a single aJ 1001 (a, is the lattice constant) dislocation at the center of the cylinder with its dislocation line parallel to the axis of the-cylinder. The Burgers' vector of this dislocation is the net Burgers' vector of a LCL-3 (6) (see Figure 2 ). Atoms far from the dislocation core are held fixed at these positions, while atoms in the central region are allowed to relax to their minimum energy positions. Uniaxial stress is applied by incremental (0.2% per step) application of a homogeneous strain in the x ([loo]) direction as in Baskes et al. (7) .
In order to simulate the external hydrogen environment the following procedure is used as in Baskes et al. (13) 2) Using this lattice constant, MC calculations at constant volume and hydrogen chemical potential are used to determine the hydrogen concentration. The hydrogen chemical potential is varied to obtain the desired hydrogen concentration (260 appm). 3) Using the same lattice constant and chemical potential for the cylindrical structure described above, MC calculations at constant volume and T=295 K are performed allowing hydrogen creation in a region near the dislocation core (see Figure 1) .
A typical configuration in the MC calculation is then strained and relaxed (equivalent to T=O K) as in the case with no hydrogen.
Results and Discussion
The arrangement of the LCL-3 is shown in Figure 2 . Here we see the two extended dislocations on intersecting slip planes move together to form the sessile stair rod dislocation 6p leaving two Shockley dislocations, B6 and Dp. The configuration after relaxation with no applied stress is shown in Figure 3a . The situation is exactly as expected from dislocation theory, including the extent of the partial dislocation separation (7) . Under application of an external hydrogen pressure of 190 atm, which yields a far field hydrogen concentration of 260 appm at 295 K, the MC calculation yields a typical configuration shown in Figure 3b . Upon application of a uniaxial tensile stress (2.4% strain) in the x-direction, (Figure 4a ) in the absence of hydrogen, the right hand Shockley moves much closer to the stair rod dislocation and the left hand partial moves through the stair rod, leaving extrinsic stacking fault (7). In the presence of hydrogen the motion of the partial dislocations is severely limited at this stress level (Figure 4b ). At a higher stress level (6.0% strain), in the absence of hydrogen, the original right hand partial also moves through the stair rod (Figure 5a ). Both left and right partials move a significant distance from the stair rod leaving a ribbon of both intrinsic and extrinsic stacking fault and the LCL has become inverted (7). The situation becomes more complicated (Figure 5b ) in the presence of hydrogen: the partial originally on the left has moved through the stair rod similarly to the case of no hydrogen (Figure 5a ), but the original right hand partial remains near its original position, similar to the situation shown in Figure 4a at a lower stress in the absence of hydrogen. In addition it appears that an additional partial dislocation has been emitted from the nickellnickel hydride boundary. A likely reason that partials do not move away from the stair rod as easily in the hydrogen case is the large energy needed to form a stacking fault in the hydride. We summarize the transmission of partials through the stair rod in Table I . Clearly the presence of the hydrogen has significantly increased the uniaxial stress needed invert the stair rod. In Figure 6 we examine the rearrangement of the hydrogen due to the applied uniaxial stress. It is clear that the motion of the partials has not significantly redistributed the
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hydrogen. Rearrangement of the hydrogen due to thermal motion was not considered here.
We have applied local strains up to 7% in the presence of hydrogen at which point the partial dislocation begins to strongly interact with the rigid boundary. No void nucleation or crack formation was observed in these atomistic models in contrast to the observations of void nucleation at slip band intersections in the Moody et al. (4) experiments. There is the possibility that void nucleation would occur at the lock in the presence of hydrogen if 1) Thicker models were used. In order for a crack to nucleate in our models, it must do so through all of the thickness because of the periodic boundary conditions parallel to the LCL line. Using a thicker model the crack could perhaps nucleate in one small region and then spread along the axis.
2) The stress was applied at T > 0. It is possible crack nucleation is thermally activated.
3) The hydrogen was allowed to equilibrate in the stressed sample due to thermal motion. Hydrogen would move to the region of greatest tension and perhaps would enhance void nucleation. 4) Higher local strains were applied.
On the other hand, the fact that relaxation of the LCL is blocked by hydrogen, at least suggests that hydrogen causes the plastic relaxation of certain stress concentrations to become more difficult. Thus in the presence of hydrogen, plastic deformation is more difficult, leading to void formation as a mechanism to relax internal stress.
Summary
Calculations of the behavior of a LCL-3 under uniaxial tension were performed. Hydrogen was found to segregate strongly to the unstressed lock at room temperature and to severely limit the motion of the partial dislocations of the lock compared to the case with no hydrogen. The critical strains for lock rearrangement were increased by over a factor of two which suggests that hydrogen impedes plastic relaxation for this type of stress concentration. We did not, however, observe void formation or crack nucleation at the LCL.
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